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I. IHTBOIfUCTIOV 

The question of the mineral nutrition of the fungi has 
attracted the attention of maiqr inrestigators, yet the sub- 
ject is still in a rery unsatisfactory state. The number 
of different forms with which inrestigators hare experimented 
is relatirely small and the cultural conditions and methods 
bare been quite similar in all cases* In general, we know 
which elements are essential for normal growth and repro- 
duction of ftjuogi. Further esqperimentation is necessary to 
extend our present Icnowledge to a greater number of forms 
and to study the problems under laore raried cultiural con- 
ditions* Certain factors render work of this kind rery 
difficult* 

It has been iiqpossible thus far to secure cultural 
flasks, the constituents of which will not dissolre to some 
degree in the nutrient solution, either at the time of 
sterilisation or later, during the growth of the fungi, lAien 
the medium may derelop an acid reaction. Such a property of 
the cultural flasks permits of the introduction of inqpurities 
into the nutrient medium, thereby causing a source of error. 

It is rery difficult to remcre all traces of non- 
essential substances and iaipurities from the chemicals, which 
are to be used in the making of nutrient solutions. The 
natiire of the organisms to be used in the esqperiments is 
also an important consideration, especially since their 
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senBitireneBS to oxtrBmely small quant It ies of BBsentlal 
elements may often ritiate the results. 

II. LITBRATUBB 
») lt^r^e9iym £8 ^ esjiefitia^ flS^ffPlf, 
PASTEOR (1864) was perhaps the first inrestigator to 
grov fungi in artificial media. In an e3q>eriment which bears 
the date, i^ril 9, 1862, he included magnesium phosphat 
among the constituents of the nutrient solution which he used 
for growing Mycodermpt aceti . The amount of magnesium phosphat 
used was one-tenth of a gram to a liter of solution. Although 
he gare no accounts of any e3q>eriments to shew that magnesium 
is an essential element for the growth of Uyooderma, it is 
quite obrious from his work that such was his belief. In an 
earlier pqper (1660), he cited an analysis of yeast, which 
showed magnesium oxid to be one of the ash constituents. 
Eridently from this fact, he assumed that magnesium was a 
factor in the metabolism of ysast, and, therefore, he in- 
eluded a magnesium compound in nutrient media for Hy^fflJitnff 

The classical work of RAHLIH (1869) was the first 
definite eridence furnished as to the importance of mag- 
nesium in a nutrient solution. He worked with reiy complex 
solutions, which contained rarying amounts of sugar, tartaric 

acid, ammonium nitrat, zinc carbonat, citrat of iron, silicat 
of potassium, ammonium phoqphat, potassium carbonat, mag- 
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neelum earbonat and aamonliua sulphat, which he used as a 
standard nutrient solution* To test the iinportanoe of an 
element 9 he introduced the method still used at the present 
time» The element to he tested is omitted from the nutrient 
solution and then the growth^ which is produced on such a 
solution, is coBcpared with the amount and character of that 
produced on a standard nutrient solution during the same 
interral of time, and under the same cultural conditions # 
RAULIXr (1863) grew ^ppergi^^lns £l£S£ in his standard 
nutrient solution and in the same solution minus the Buig« 
nesium constituent* In the former case the growth was 11 #6 
times greater than in the latter* In other similar ^Tcpexi^ 
ments, he obtained growths as high as 91 times as great on 
the standard nutrient solution, as on the solution to which 
no magnesium had been added* Such a difference in the amount 
of growth in the two solutions RAXJLIV states, "prores eri- 
dently the efficiency of the magnesium* « He also stated that 
*these esqperlments leare no doubt as to the physiological 
usefulness of magnesium** It may also be noted that RATXLIV 
concluded that the mineral oxides (magnesium included) of 
artificial media cannot replace each other, to each of which 
is assigned a special role* It is evident, therefore, that 
he considered magnesiiua as an essential and a no n- replaceable 
element* 

AIX>L7 ICATER (1869) also published a paper in which he 
showed that magnesium was necessary for the coaiplete derelop^ 
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ment of beer yeast. He grew hie yeast in 35 oo. flasks 
to which had been added 20 oo. of a nutrient solution con- 
taining: 

0*1 g. nono-basic potassium phosphat 
0.05 g. nagneslum sulphat (V)'vHa.O) crystals 
0«001 g* triphasic calcium phoi^hat 
20 cc. of a 16% sugar solution 
0.15 g. ammonium nitrat. 

After sterilizing his solutions by heating in a sand bath» 
he inoculated them with minimal amounts of yeast, and then 
used the rate euid degree of fermentation as criteria for 
the suitableness of the medium. In nutrient solutions, to 
which no magnesium sulphat was added, the yeast produced 
only a rery feeble fermentation, hence IIATER states "the 
presence of a magnesium salt must be seen as truly 
necessary to the normal progress of fermentation*. In spite 
of the fact that he obtained a certain degree of fermentation 
in cultures to lAiich no magnesium sulphat was added, XAJXR 
concludes that the yeast, ^aeeharomycey cererisiae. requires 
a magnesium salt for its cooqplete nutrition. 

ICAYER (1866) stated in his *Lehrbuch der Oihrungsohemie" 
that Hg - salts cannot be replaced by calcium salts in the 
nutrient solution of yeast. It apparently makes no differ- 
ence lAiether the magnesixm is supplied to the yeast as 
sulphat or as aononium magnesium phosphat. XUSR states that 
*the beer yeast cannot continually dispense with magnesiiun, 
even if it does succeed in svqpporting a fermentation of con- 
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aiderable intensity l^y th« greatest remoral possible of 
magnesitua"* 

HAGSLI (1679) comes to a conclusion quite different 
from those of prerious workers* He concludes that magnesium 
can be replaced by either calcium, barium, or strontium* He 
states that his experiments giro only general certainty as 
to the replaoeability of the four named elements* ISAHSLl 
is sure that either Mg, Ca, Ba or 8r can render growth 
possible, and that without one of these growth is impossible. 
His e3Q)eriments leare him in doubt as to irtiether these four 
elements are equally efficient in nourishing the fungus, or 
idiether the fungus is better nourished by one alone, by a 
combination of two, or by a combination of more them two of 
these elements* HA6XLX recognised the fact that only small 
amounts of minerals are necessary in order to nourish the 
fungi; thus in eocperiments, which determine this requirement, 
great care must be exercised to use pure chmoioals and clean 
cultural flasks. Iridently his chemicals were not pure but 
contained traces of magnesium, lAiich altered his results and 
led him to draw wrong conclusions* The majority of VA0XLI*8 
experiments were performed with beer yeast* 

0. I08W (1879), working with certain molds, came to con- 
clusions similar to those of HilOSLI, namely that Hjg, Ba, Ca 
and Sr may replace each other in a nutrient solution* 
Penicillium was grown on a standard nutrient solution con- 
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tAining a half liter of a 3^ solution of aanonium aootate^ 
to which wae added 1% di-potaeeiiam phoephat, 0^04^ aomonia 
dithlonat, 0«016^ aagneeiim ohlorld and 0*006^ oalcium 
chloride The solution was acidified with 1% acetic acid 
in order to prerent bacterial growths Growth on (a)^ the 
standard nutrient solution containing both Mg and Ca was 
conpAred with that on nutrient solutions containing: (h) 
magnesium only; (e) calcium only; (d) neither magnesium nor 
calcium; (e) magnesium and barium but no calcitua; (f ) 
magnesium and strontium but no calcium; (g) barium only; 
(h) strontium only. Vhere only calcium and only barium were 
present the liquid assumed a red color, and next to those 
of the standard solution, these cultures produced the 
largest number of spores* On the remaining cultiures, the 
sporulation was rery weak or entirely lacking^ The spores 
were, at all times, of a reddish color. After seren weeks 
the crops on the rarious cultures were collected and dried 
yielding the following amounts of dry weights^ 



a. 


Mg. Ca 


0.498 g. 


b. 


M«. ^ 


0.153 


0. 


.^ Ca 


0.491 


d. 


WVMt «MI» 


0.026 


• • 


)lg. Ba 


0.201 


f. 


lig, Sr 


0.190 


S* 


— . Ba 


0.216 


h. 


. Sr 


0.103 



LOIV states that it results that by the absence o^ 
alkali earths in (d) only a minimal amount of mold develops, 
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and that eaoh of the four elements used, oan \>y the molds 
replace each other to a certain degree* He oonoludes that 
the minimal derelopment in the solution to which neither 
calcium nor magnesium was added, is brought about at the 
eaq>ense of the mineral matter contained in the spores at 
the time of sowing* 

The abore report of the esqperiments Toy LOXV was incor- 
porated in the paper presented by Sj&OBLI to the Ifunich 
Academy in (1679). Bridently lOXV worked under the svgper- 
Tisien of VAOELI , using the same technique and undoubtedly 
deriring his chemicals from the same source, therefore it 
is not sxxrprising that LOSV should hare encountered the same 
difficulties and should hare drawn the same erroneoiui con- 
clusions as did H^toELZ* 

WIBOOKADSDT (1884) prored that magnesium was necessary 
for the growth of Ifryytftny JiHi.* He grew this fungus in 
Srlenmcyer flasks and used a nutrient solution which contained 
glycerin, alcohol, asparagin, medio acid, aanonium phosphat, 
magnesium sulphat and calcium acetat* Growth on this solution 
was coaqpared with that on solutions in which substitutions 
had been oiade in the atlkalin earth constituents* In the 
first series the cultujre liquid dontained llg804; ^° ^^* 
second series an equiretlent amotmt of CaS04; ^^ ^^* third an 
equiralent amount of SrS04i in the fourth no alkalin earths 
but an equiralent amount of potassium sulphat* In the 
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flasks containing the llgSO^, the fungus grew very well, hut 
in the other flasks hardly any developinent took place » These 
results contradlot the ohserrations of H^BLI, who found that 
ax^one of the alkalin earths is sxifflolent for the nutrition 
of the fungi studied hy him* WHTOGRADSBT showed that nag^ 
nesium cannot be replaced by either cstlcium or strontium and 
that as far as the nutrition of Jtr^ft^ttTB^ ZiAl i^ concerned, 
magnesium is an absolutely non«*replaceable element* 

SBSTZKI (1886) showed that beryllium can replace mag- 
nesium in the nutrition of legumes and grasses* He grew his 
plants in sand cultures and watered them in one series with 
a magnesium-containing nutrient solution, and in a second 
series with a nutrient solution, whose magnesium constituent 
had been replaced \3iy a beryllium compound* The legumes 
grew in both series but developed only a few flowers in 
either case and produced no mature fruits, although pods de- 
veloped* The grasses developed mature fruits in both 
series* The individuals cultivated with magnesium developed 
a larger number of fruits and each of the plants thus grown 
possessed a higher weight than those grown in the beryllium 
series* The ash analysis of the grain producing plants, 
grown in the beryllium nutrient solution, showed that the 
plants had actually taken up beryllium, as this element 
formed about two percent of the ash* Traces of magnesium 
were also demonstrated to be present in the ash, but SBSTIKI 
concludes that this is due to the magnesium content of the 
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seeds from which the plants were grown. 

SB8TIHI (1891) extended his work to the Zfi^ aais . 
eiqploying similar methods to those used in his previous work* 
Sand cultures were enployed and eight liters of nutrient 
solution, containing 1.44 grams M^QO^ were used to water the 
plants in the first series* In the second series, an equal 
Tolume of nutrient solution was used, containing 1«6 gr* 
BeSO^, being the equiralent amount of beryllium to the mag- 
nesium contained in the first nutrient* The plants reached 
a height of 90 - 95 om%, and bore mature ears, yet the 
plants in the beryllium series were less Yigorous than those 
in the magnesium series, as the following data show:- 

Ug plants - Be plants 



Vumber of grains 


322 


283 


Weight of grains 


15.20 g. 


12.31 g. 


Weight of one grain 


0.472 g. 


0.435 g 



The ash of the berylllim plant 8 contained 2^ Be^-^oxid* 
The eeede obtained from the beryllium plants were planted ae 
before and watered with the Be-nutrlent solutlone Of twenty 
seeds planted, only seven germinated and but three of these 
plants bore fruits « Prom these traits^ fourteen corn grains 
were obtained and their total weight was only 0«37 gr*, a 
single grain weighing but 0*026 ge These results show that 
the embryos produced In the beryllium series were weak and 
only In a small degree capable of germination* SBSTIITI con« 
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eludes that a part of the functions of nagneslum oan indeed 
be assumed by beryllium; beryllium oan replace magnesium 
during the yegetatire period of plants, but flowers and 
viable seeds oannot be formed abundantly and When seeds are 
set they are very weak* 

0. lOSW (1892) studied the effect of the magnesium con- 
tent of nutrient solutions, upon the fermenting capacity 
of putrefying bacteria. He made up a peptone solution and 
divided it into five parts* To the first part no salts were 
added, to the second part, 1% of OO3 and to the third, fourth, 
and fifth parts, respectively 1% of HaS03, CaCBO^)^ and 
llg(]703)2« All five cultures were infected with putrefying 
bacteria and pleMed at room teiqperature* After ten days, the 
intensity of the amnonia formation was determined and found 
to be most intense in the control and the magnesium contain- 
ing ctiltures* Anmonif ication was only half as strong in the 
Ha and K cultures, and only one-third as strong in the 
calcium culture* LOSV also showed that yeast is not injured 
in the least, if warmed for hours at 25 - 30^0 with a 1% 
solution of llg(]ff03)2« ICagnesium salts in the absence of 
calcium setlts are, therefore, not injurious to bacteria and 
yeast* These results show a marked contrast to the toxicity 
of magnesium for green plants. 

BEBBCSB (1894) refuted the work of lilOELI and LOOT and 
also obtained restilts contradictory to those of SBSTIHI. In 
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the various nutrient solutions whioh he used, BSNBCKB found 
the presenoe of BBagnesiram to he ahsolutely necessary for the 
growth or Aspergillus niger and Penioillium glauoum: oalcium 
was of DO ralue, while barium and strontiunii especially the 
former » are dlreotly injurious « As cultural flasks, he used 
those of ordinary Thflringer or Jena glass, taking particular 
pains to clean the flasks so that constituent substances 
would not enter the nutrient solution during the esgperiment^ 
The chemicals were purified by repeated crystallisation, the 
glycerin was redistilled, and the sugar was purified by many 
precipitations with alcohol* The water was distilled with 
particular care in a tinned apparatus* Glycerin in particular, 
but also cane sugar, glucose, acetic acid, tartaric acid cuid 
asparagin were used as sources of carbon* Hitrogen was 
supplied either in the form of ammonium coxqpounds or as 
nitrates* Salts were added as acid potassium phosphat and 
the alkalin earths as sulphates or nitrates* BSHSCEX used 
cultural solutions containing from 25 - 100 cc* of solution* 
Aspergillus was grown at a teiqperature of from 20 • 30^0 
irtiile Penicilliiim was kept for the most part at room teiqper- 
ature* 

Although without an addition of magnesium, germination 
of the spores occurred, howerer, the growth which followed was 
always very weak and was evidently brought about by impurities* 
BBHBCEB states, "that a minimal germination without the 
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additlon of magnesium is easily oonoelva'ble as iDelng at ths 
oost of the exoeedlngly slight traces of magnesium which 
are in the cqpores nhen sown". Zino, cadmium and heiyllium, 
which stand close to magnesium in the periodic system, were 
found to he unsuitahle for replacing the latter in nutrient 
solutions* All three of th»se elements were poisonous. 
Beryllium was not foxmd to be a strong poison for fungi; 
only when this element is concentrated in considerable 
amounts, does a poisonous affect appear* Zinc and cadmium 
especially the latter, were found to be rery poisonous* 

BSHBCEX found that in a normal wealdy acid glycerin 
nutrient solution of 100 oc* content, an addition of 0*001^ 
MgSO^ •(- 7 H2O is sufficient for the formation of a strong 
fungus mat with conidla; by an addition of 1/2 mg* or 0*0005^ 
UgSO^ •f 7 EgO the conidla remain brown and eridently fail 
to ripen, while in the presence of a still smaller magnesium 
content, spore formation is coiqpletely suppressed and the 
growth produced appears only as a white aQroelial mat* 

BBBXCKB grew Trlticum in water cultures that contained 
a beryllium conqpound in place of the magnesium constituent* 
He was unable to corroborate 8B8Tnri*8 results, but found 
instead that the beryllium exerted a poisonous influence* 
During the course of six weeks the beryllium plants could 
not keep pace with normally nourished plants, but remained 
quite perceptibly behind those in the magnesium free cultures* 
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HOLISCH (1894) oam« to identloally the seune oon- 
oluslons as BSHSGKS, He used extreme oare in the prepar- 
ation of hie nutrient solution* • The ohemioale vere 
hought in the purest condition possible and were reorystal- 
lized two to four tines, or, as in the oase of anmonium 
ohlorid, were suhlimed* The organio nutrients as glycerin 
and aloohol were distilled* The cultures were made in Brlen- 
meyer flasks plugged with cotton* MOLISOH used Penioillium 
sp. and Aspergillus niger in all of his esqperiments* Ihen 
ammonium aoetat was used as a source of carbon and no 
magnesiiun was added to the nutrient solution, no traoee of 
growth of either of the two fungi occurred* In the experi- 
ments, irtiere siigar was used as a carbon supply, the results 
were not as marked for in the nutrient solution to which no 
magnesium was added some BQrceliatl growth took place, but 
no spores, however, were formed* HOLISCH concludes that the 
partial growth of the fungus is no doubt due to traces of 
magnesium which could not be separated from the sugar in 
spite of the most careful purification* Prom the results of 
his experiments, HOLISCH comes to the conclusion that 
magnesium is an integral constituent of the mineral nutrition 
of the lower Aingi and that it is iogpossible to replace this 
element either by the closely related elements Ca, Ba or Sr, 
or by those of the sine group, Zn, Be and Cd* Cd804 ^r^n in 
such dilute solutions as 0*02^, 0*01^ and 0*00^ acts as a 
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poison on Aspergillus, P«nloilli\un» euid various baoteria. 
CdCl2 vas found to exsrt a similar toxio sffsot* 

BMBCXS (1695) further extended his studies on the 
mineral requirements of the fungi euid oonoluded that the 
replaoement of magnesium by the alkalin earths or other 
allied bases, is striotly iopossible, BBEBBCEB used i^gSfiXr 
gjllus niger and Penioillium sp. as the objects of his in- 
▼estigation. A series of six flasks, each containing 100 oo. 
of nutrient solution were inoculated with penioillium. The 
first flask contained no addition of alkalin earths, the 
second 0,02^ Ca(]I03)2, the third 0*04^ Ba(a03)2* ^^* fourth 
0.03^ 8r(B03)2, ^^* fifth 0.02^ ]lgS04.7 ILgO, the sixth 0.0^ 
]|gS04 •!<> 0*01^ Cu(S03)2* The spores germinated in all the 
flasks, vhlle in the last two flasks, those containing mag- 
neelum, the fungus reached the spore bearing stage* In other 
cultures, barium and strontium were again shown to be 
poisonous* 

BXNECES conducted a series of ten esqperiments with 
Aspergillus niger . in uhlch he yaried the llgS04(<f ^ ^2^) 
content from 5% to 0«Q^. After 27 days the flasks containing 
0*02;^ ]|g904 showed the greatest derelopment of fungus^ With 
the Ug - content below 0*02^ the fungus weight and the spore 
production decreased until at a concentration of 0*00008^, 
there were scarcely any spovB produced. The derelopment 
on the cultures, to which no magnesium was added, was too 
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small to be weighed* Sporulation, in the flask containing 
5% lIgS04, ^^^ ^^^ heavy but the vyoelial deyelopnant was 
only about one- third that on the 0«02^ MgSO^ cultures • The 
cultures containing l.ZS>% MgSO^ and 0*0049^ ligSO^ respectiye- 
ly^ showed exactly the same amount of i^yoelial growth* 
BSHXCKB states that ^magnesium is a metal, which no plant 
can do without for its coniplete deyelopment, and further » 
magnesium has a bearixig upon the life of eyezy oell"« 

VEHMSR (1895) reviewed the literature dealing with the 
mineral requirement of fungi and perf oimed some experiments 
of his own. He gives no detailed accounts of his experiments 
but simply states that his results do not entirely harmonise 
with those of other workers* The explanation for this, he 
thinks is perhaps due to the fact that "for each organism and 
also for every species of fungus, there is an optimum of 
conditions relating to the life processes; not only such 
conditions as teiqperature and the like, but also that of the 
concentration and coiqposition of the substratum"* 

BBSECKB (1696) further worked on the relation of mag- 
nesium to the growth of Aspergillus niger, Penioilliu| a sp«, 
yucor stolonifer. and yeast* He was extremely careful in 
the preparation of his nutrient solutions, and furthermore, 
made a preliminary study of the chemical coiqposition of his 

•ulture flasks and determined to what degree his nutrient 
solutions were changed by the solubility of the glass* 
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BSHXCKB showed that considerable dlff erexioe could be 
recognised in cultures of Aspergillus niger which contained 
no added llg80^(*^ 7 EgO) and in cultures to which 1/400 qg* 
of this salt was added to 25 cc« of nutrient solution* Ee 
also grew ^pergillus nifter in solutions which contained 
from 0*01 to 0*0000025 graas of ory stall ised HgSO^ to each 
25 CO* of solution* The weight of the fungous crop as well 
as the "economic coefficient" fluctuates with the Hg - content* 
In the magnesium free cultures a few small masses of sub«* 
merged n^celium dereloped^ but grew no more and neyer 
sporxaated eren if allowed to stand for a long time* By 
acidifying his nutrient solutions with organic acids, BJEETECKE 
proved that the more strongly the solution was acidif ied, 
the more Uig must be present in order to turn the solution into 
an arailable nutrient solutioh* The presence of acids tended 
to suppress the growth of the fungus* 

GtSnTHSR (1697) concluded that a magnesium salt was 
necessary for good nutrition of Mucor corvmbifer . Rhigopus 
nigricans, and Botrvtis cinerea * His technique was identical 
with that used by IIDLISCH* He showed that 0*005 mg* of 
lIgS04(4» 7 H2O) was a minimal addition to 25 cc* of nutrient 
solution to induce Rhizopus nigricans to grow at all* 
OttHTHSR also proTsd that magnesium salts cannot be replaced 
by those of Ca, Ba» Sr» Be» Zm or Cd* The toxicity of these 
salts to Aspergillus nigricans was detexmined and the results 
show that the Cd «- salt is the most injurious, while the 
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oalolum salt is the Isast poisonous. Ths following eon- 
oentrations wsre suffioisnt to Inhibit growth:- 0.0001^ 
CdClg-, 0*01J< ZU8O4, 1«J{ B»(H03)2. 1.5^ Sr(H03)2. 0*^ BsClg, 
4^ CadJOj)^* It is seen that beryllium is less poisonous 
than either Zn or Cd. Beryllium ohlorid may be tolerated up 
to 0«2^« Conoent rat ions, howeyer, somewhat lower than this 
broxaght about peculiarities of growth* 

OtfBTIIBR also determined In a few cases the maximum 
oonoentration of ]iis904 i^ioh Rhiaopue njjgrloaps oould tolerate* 
AboTe 15^.. of lligS04 no more growth ooeurred. Kagnesium nitrat 
was found to be more injurious* If the oonoentration of 
115(103)2 was greater than 5% derelopment was oheoked* 

COUPIV (1903) worked on the nutrition of ?t t Tl ffiy^ toovst is 
n^gra« He used RAULIV'S nutrient solution, in one-fifth 
the original qtiemtity of liquid, and repeated RAULIV*S work 
in the light of modern technique* Grown on a coiqplete 
nutrient solution, the fungus produced a dry weight of 4*590 
grams, while grown on a nutrient solution xainus the magnesium 
constituent, the fungus obtained a dry weight of but 0*020 
grams* The ratio of the weight of the fungus in coiqplete 
media, to the weight of the fungus In media deprired of 
VgC03, COUPH finds to be 229*4* 

iooSSOWICZ (1903) showed that the pigment formation in 
certain species of Saocharoiqyces depends upon the presence 
and amount of VgSO^* Under most faTorable conditions, the 
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pigment formation begins at a UgSO^ content of 0.04^ 
and e^pears sooner and with greater intensity, the higher 
the content of the MgSO.. From A% HgSO^ up to a ooiqplete 
saturation of the nutrient solution with this salt, the 
isoloratlon is most evident. By increasing the amount of 
lligS04, rarlous color lOiades were noticeable, from light 
blood red and rose red to a dark brloklsh red. 

COUPIV and VRIBSEL (1904) state that g^trlffH^ ^ooy^^* 
▼ereioolor requires magnesium for one of its nutrients, as 
its absence caused a considerable decrease in the dry weight 

e 

of tht fungus # These Inrestigators call attention to the 
faot that^ in RAULZN^S solutions minus the magnesium com- 
ponent» the spores of the fungus were of a rose grey oolor^ 
instead of the normal green oolor« They obtained^ however^ 
a growth of Sterigmatooystis eyen to the spore hearing stage » 
without an addition of magnesium* 

BESBCEB (1905) in a rsTiew of the literature of the 
magnesium requirement of fungi^ cited the work of COUPIH and 
VRISDSL and stated that» in the light of their ejcperiments, 
it is still an opsn question whether or not magnesium can 
be replaced^ at least in part, by other alkaline earths* 
He thought that a replacement of magnesium by calcium might 

be possible* 

SROUnr (1912) studied the derelopment of tubercular 

bacteria and Aspergillus jjj^^ in relation to the salts of 
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the rare earths « He used the sulphates of cerium, lamthanium^ 
neodymlum^ praesodymium, thorium^ samarium and yttrium^ Vo 
matter in what quantity the salts of these elements were sub- 
stituted for magnesium^ negative resxats were always ohtained* 
Therefore, the oonclusion was reaohed that the salts of the 
rare earths were unsuitable for replacing magnesium S€ats« 
BUROltSEQT (1912) studied the influence of magnesium on 
the deyelopment of Aspergillus s^sSXj^ ^^ ^&® ▼^^ careful 
in the purification of his chemicals and in the distillation 
of thB water which he used* Culture flasks of 1330 cc* 
capacity were exqployed, to each of which 220 cc% of nutrient 
solution were added* This amount of solution gare a depth of 
one centimeter in the flask so that a broad surface was exposed 
to a large quantity of air aboYe it, a factor which BUBOUSET 
states to be rery necessary for continued cultures* Flasks 
were plugged with cotton and sterilised twice in a steam 
steriliser, each time for one-half hour, with an Interral of 
twenty-four hours* All his c\iltures were placed in a dark 
room at 29 - 30^ C* After the experiments were ended, the 
mycelium of the fungus w[as thoroughly washed and dried to 
constant weight at 60^0 • The nutrient solution, which 
BUBOHSIOr used, contained: - 

0«50 g* EHgPO^ 

0«25 g. ]lgS04 

1*0 g« (1111^)2804 or IIH4BO3 

A trace of PeSO^ 
5«0 g* cane sugar 
100 CO* HgO 
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In oulturas oontainlng no addition of magnesiun, 
BUBOUSKT found that the spores germinated hut further de- 
Telopnent was Texy weak. The nyoellum grew in snail tufts, 
which were usually submerged^ never producing a mat on the 
surface, as in the ease of the normal cultures. BDROKSCT 
used concentrations of llgS04 of 0,135, 0*25 and .50^ and in 
all these concentrations the fungus dsTeloped equally well; 
howerer, 0*8^ was found to be the highest concentration which 
would permit normal derelopment, as raising the concentration 
aboTe this point caused a marked decrease in qporulation* 
Vewer spores were foxmed with the 0*5% concentration than with 
the 0«25^. 

In cultures to which neither CaSO^ nor lig804 were added, 

BUROKSIQr found an arerage dry weight of fungus eqtaal to 0*196 

grams; those to which 0«25^ Ca804 was added, an arerage of 

0*099 grams; 0*29i^ VgSO^, an arerage of 2*144 grams; while 

those to which both 0*25^ Vg804 and 0*25^ Ca804 were added 

gare an arerage of 2*40 grams* ThTis it was found that C«B04 

in the absence of BigS04 caused a dopressant effect, while in 

the presence of ]ligS04 it caused a stimulatory effect* By 

increasing the percentage of ■igS04 in the nutrient solution, 

BUROHSEOT found that the weight of fungus produced was increased* 

The respiratory coefficient decreased as well as the economic 
coefficient* The respiratory coefficient in Mjg-free cultures 

areraged 6*4, irtiile in Mg-containing cultures, it fell to 3*2* 
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The eoonomlo coefficient of 10 for Hg-free culturee dropped 
to 3«35 in cultures with ]ig804« BUBOHSEST concludes that 
magnesium is not only an essential and non-replaceable element 
for the growth of Aspergillus uXSSIm ^^^ ^^^^ 1^ produces a 
stimulatory effect on the growth of the iqycelium^ 

JAYILLI8R (1913) attempted the substitution of magnesium 
in culture media by beryllium in the growth of Aspergillus 
piger> He used a RAULIV nutrient solution and grew the fimgus 
for four days at 34^0^ after which he determined the dry 
weights^ In cultures to which either equiralent weights or 
equiralent molecular quantities of Be804 ^^^^ substituted for 
]|g804 9 no growth or eren germination of spores occurred* 
JAVILLISR concludes that magnesium is an absolutely essential 
element for the growth of Aspergillus and furthermore that it 
can not be replaced by beryllium* He states that experiments 
conducted independently of his, by SAUTOH^ furnished analogous 
results « 

3X>X (1914) reriews the more recent literature on the 
mineral nutrition of fungi » but he gires no accoimt of any 
original experiments showing the inqportance of magnesium. 

b) Magnesium in relation to the nutrition of bacteria* 

The magnesium requirement of bacteria has been studied 
by many inrestigators but uniform results hare not been ob- 
tained and hence this question is still in a rery unsettled 
condition^ 
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8B8SARD (1892) studied the fluoresoing power of baoterift 
and showed that the phoaphorus content rather than the 
magnesium content was the essential factor • 

HDLISCH (1694) found tliat llg-free cultures remained 
sterile when inoculated with putrefying bacteria^ 

THraOC (1695) worked with rarious races of Bacillus 
pvocvaneus and Bacillus ^trlil^TlT ^^^ found that Vs&O^ was 
necessary for pigment formation* A scattered growth of 
bacteria with no pigment formation occurred in cultures to 
which no magnesium was added* THDHIC concludes that the color- 
less growth is due to traces of Hig which are not remored from 
the culture media* He also prored that for pigment fozmation 
magnesium can nerer be replaced by calcium* An addition of 
0*00001^ l|g804 was sufficient to permit pigment formation in 
Bac ^ TJrifllTnT^ Howerer^- he found that most forms require from 
*01^ - 0*001^ ]lgS04 for this function* 

VOXSSKB (1900) showed Bac* pyocyaneus and Bac* prodigiosus 
to be rery sensitire to only small amounts of llg-salts* By 
increasing the amount of magnesium, pigment formation definitely 
increased, while growth was still more rigorous* For Bac ^ 
pyocyapeus. magnesium can not be replaced by Be, Cd or 2n* 

KDHTZK (1900), working with Bacillus prodigiosus, obtained 
growth but no pigment fosoiation, lAien no magnesium was added 
to his media* An addition of 0*001^ llgS04 was sAfficient 
to cause the production of pigment. Vhen Hig was present, 
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growth was always stronger than when magnesiun was absent* 

JOBDiUr (1899)9 after studying six different speoies of 
fluorescent bacteria, concludes that the sulphat, rather than 
the magnesium of liJgSO^ is the important factor in pigment 
formation* 

McnarKEr (1902) determined the conditions necessary for 
light production by pao,. nhosnhorescens* He showed that ^1% 
]igCl2 was insufficient and that 0*2Sj( MgClg was required to 
cause growth, while 1^ ^^^2 ^^^ necessary for light pro- 
duction; 5^ ^^^2 io^il^lted light production* He considers 
that magnesium may be replaced by sodium* 

SAIIKDY (1903) prored that magnesium is necessary for 
pigment formation by Pfoillus nrodigjosus * He extracted the 
pigment of this bacillus and analyzed it, finding no magnesium 
present* SAUKDY concludes that "the appearance of the red 
pigment of Bacillus niodlgioBus is affected by the presence 
of magnesium, but this element forms no constituent of the 
pigment** 

The relation between the magnesium content of the medium 
and the pigment fozmation of Baot* TYn^ftBt^TiM ^^0 studied by 
EX)8S0YICZ (1903) who obserred that the appearance and the 
intensity of the reddish brown pigment formed, was influenced 
by the MgSO^ content t 

BXNXCEX (1907) in an exhaust ire study of the mineral 
nutrition of bacteria, concludes that for Bac* fluoresoens 
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and Bao « pvoovansus magnesium ia not only a apeoial pigment 
foxming element but its presence is also indispensable for 
growth and cannot be replaced by calcium* BSHBCEB performed 
maqy experiments to show that sufficient amounts of magnesium 
for growth can be dissolred from the glass flasks* He states 
that this is perhaps the reason why he obtained a growth of 
Aspergillus and Penioillium in cultures to which no magnesium 
had been added* In conclusion, he adds that *a fungus ittiich 
can grow without the presence of magnesium^ has not yet been 
found** 

c) y^e function of magnesium* 
As to the specific role of magnesium in the metabolism 
of the plant rery little is known* Host inrestigators. who 
consider that magnesium is essential for growth, make no 
attempt to define its particular function* 

LIESI8 (1846) long ago concluded that the alkalies and 
the alkalin earths were necessaiy to neutralise the organic 
acids foxmed in the plant* He considered that these elements 
were capable of replacing one another* RADLXV (1669) stated 
that experimentation did not faror LIBBI0*8 hypothesis* He 
eridently beliered that magnesium was a constituent of the 
protoplasm of cells* 

PKB7FBR (1871) demonstrated the presence of magnesium 

in protein grains* SCHHUBBBSRO (1877) found the same to be 
true for the protein crystals of Brasil-nuts* OROBLBR (1861) 
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prored that orystaO-llzable protein of the gourd contained 
aagneeium in considerable qiiantitiee* 

VXQSLl (1679) stated that the allcalin earths were found 
as deposits in the plasma and in the cell membrane* He con- 
eeired that the salt molecule was in some way fixed on the 
surface of the albuminat and on the surface of the cellulose 
micellae* He calls attention to the fact that the alkalin 
earths^ with which he worked, were with difficulty soluble or 
were insoluble^ and, therefore, easily accessible due to the 
attraction of the organic substances within the cell* 

LOBV (1692) found the oxidatire capacity of fungi to be 
less intense under the influence of magnesium salts than under 
that of ather salts « 

BEBXCXB (1695) remarked that magnesium was of ralue in 
the nutrition of the fungi because of its basic properties^ 
Kagnesium salts readily dissociate and, as PXBPRBR and 
SCHHIEIdEBERO have shown, magnesium has the capacity to link 
itself to some organic acid radicle within the cell* 

SAICEDV (1903) showed that magnesium acts as a catalytic 
agent in the formation of pigment by bacteria* Uany other 
workers, as pointed out abore, hare dano net rated the importance 
of magnesium in relation to pigment formation but none hare 
offered any esqplanation as to the function of magnesium in 
this process* JORDAIT considered the pigment to be a by-product 
in the metabolism of the bacteria, hence from this it might 
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be concluded that only in so far as iBagneslum is necessary 
for life does it influence the formation of the pigment* 

Analyses of plant ash (ZBLLXSRt 1907) hare shown magnesium 
as a constituent part of all plants* A greater content. of 
magnesium is usually found to occur in spores and seeds ^ than 
in regetatire tissue* 

A80 (1900) analyzed the spores of A^spergJllus uaSSA 
and found 4*364^ of magnesium oxid present* He concludes that 
magnesium plays *an important role in the assimulation of 
phospherric acid* Ihererer proteins are formed with accompany- 
ing derelopment, and phosphates are present » there magnesia 
Always is found** A80 states that phosphoric acid can he more 
easily assimilated from magnesium phosphat than from aiiy other 
phosphat due to the ease of dissociation of magnesium salts# 

Per green plants ^ YIIL8TATTXR and his co-workers hare 
shown that magnesium is a constituent part of chlorophylls 

As pointed out abore SSSTIITI was able to partially re- 
place magnesium by bexyllium in the nutrition of legumes^ corn 
and grasses* BXSXCKB stated that magnesium owed its 
position in the nutrition of plants to its basic properties* 
Since rexy little work has been reported on the replacement 
of magnesium by beryllium in the growth of fungi ^ and^ since 
bexyllium salts like those of magnesiiua are easily dis- 
sociated^ it seemed desirable to study the problem of the 

substiftttion of magnesium by beryllium in the nutrition of 
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AflPTgllluB nlgT. a plant widely used in similar e^eri- 
•ents* 

III. REA0SBTS AXD KBTBDDS 

The ohemioals used for this work wsrs of the best 
grade obtainable under the present conditions of supply* 
Kerok*s *Blue Label* analysed ohemioals were used whererer 
possible, Baker *s analysed ohemioals were used in some 
oases, Eahlbaum^s in others* Sucrose was obtained in the 
foxn of rook oandy crystals* Itirther purification of the 
chemicals was not attempted, but extreme care was exercised 
in handling them in order to prevent the introduction of:^ 
foreign materials and iiqpurities* The water used was twice 
distilled from Jena glass* Potassium bichromat cleaning 
solution to the amount of fire cubic centimeters per liter 
was added during the first distillation, while fire cubic 
centimeters of cono* H^SO^ were added during the second 
distillation. 

All solutions used were made up in molecular strengths, 
exempting the ferric chloride which was made up as a one- 
hundredth molecular solution* The Sodium sulphat had to be 
made tqp as a one-half molecular solution, because of the 
insolubility of this salt* 

Jena glass Ihrlenmeyer flasks of 100 oc* capacity 
were used in all oases as cultural flasks* The flasks weree. 
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first tre&ted with potassium bi*ohxonat cleaning solution 
for at least twelve hours, rinsed in tap water and in 
distilled water and then placed orer a Jet of lire steam 
from distilled water boiled in a Jena glass flask. After 
steaming the flas]cs for fire minutes they were drained 
and dried in a hot air oren, and then plugged with cotton 
till ready for use. All glassware used received the same 
treatment* 

As a standard nutrient solution, one was used lAiich is 
eoployed in the cultural work at the Adranoed Plant Physiology 
work of this lahoratozy. This solution consists of: 
120 ce* X. BII4BO3, 50 CO* H. XE^PO^, 20 cc« X. XgSO^, 5 cc* 
1^00 FeCl3, 50 grams (dry wt«) sucrose made vqp to 1 liter 
with redistilled water* The solutions, from which nutrient 
solutions were made, were measured by placing them in 
burettes, iriille the nutrient solutions were always measured 
in volumetric flasks* Ho nutrient solutions were made up 
until they were desired for immediate use* 

fifty 00* of nutrient solution were used for each 
culture* The solution was sterilised by placing in an 
autoclave at five pounds pressure for one-lialf hour* Higher 
pressures were avoided in sterilising in order that the 
nutrient solution would be altered as slightly as possible. 

Spores of Aspergillus fijj^g^ were used in making all 
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inooulatloao. The spores wsre obtained by growing the 
fungus on potato agar slants* The spores used for 
inoculation were always from fresh cultures, in order that 
thoy might be readily riable* All the plants were from 
one strain and not from a mixed culture* 

Inoculation was acoonqplished by means of the water 
blank method* Ten cc* of sterile redistilled water re- 
oedred a heary addition of spores, precaution being taken 
not to introduce fragments of mycelium along with the spores* 
By means of a sterile pipette, three drops of this spore- 
containing water was added to each flask* This method of 
inoculation gare rery satisfaotoxy results, as the spores 
seemed to be erenly distributed in all the cultures* In 
all the otiltures which were made, not one showed aqy signs 
of contamination* 

Host of the cultures were either pleiced in a dark room 
or in a cabinet beneath the laboratoxy table* The teiqpera- 
ture in these two places ranged from 20 - 23®C; one or two 
cultures from each series of eoqperiments were placed in an 
incubator at 30^0 in order to detexmine whether the fungus 
might not produce a better growth at the higher tengperature* 
The early stages of growth were always more rapid, howerer, 
when the cultures were grown at 300C, the end result was 
always about equal to those grown at room teiqperature* 
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All oultur«8 wer« allowed to grow from ton days to 
throe wooks, during whioh time oboorratlons wore made on 
the manner of growth* At the end of eaoh esqperlment, the 
oyoellum of each flask was oolleoted In a Ooooh oruolble, 
washed and dried to oonsteuot weight at lOOOC* 

ZV« KBSCBIPTIOV 07 BZFBBIMBBTS 

faPffifffri^ ?,f 
As a preliminary esqperlment, the replacement of Hig 
by sodium was attenqpted* The nutrient solution used was 
made up as follows: 

1000 oc« nutrient sol« 

125 00, VE^TOO^ 5 oe. (^/lOO) 7eCl^ 

50 CO* SI^gF04 50 gr« sucrose 
35 cc. (}t/2) Sa2S04 
One series of ten flaslcs was filled with this solution; a 
second series of ten flasks oontalned the standard nutrient 
solution, while a third series of fire flasks oontalned a 
solution made by mixing equal parts of those used In series 
one and two* The cultures were grown at 220C for a period 
of 20 days* The oiatures containing the Mig, and those 
containing the Mig •«> Va were rery similar In appearance* 
Both growth and sporulatlon were rery heary* The cultures 
containing Ba but no Mg produced only scattered tufts of 
BQroellum which nerer produced spores* Host of the vycellum 
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grew submerged. The diy weights were as follows: 



Hg Series 



;Ka Series 



lUg •!• Ha series 



■ -■.•■ 



1 
2 
3 
4 
5 
6 
7 



•9526 g. 
•9284 

• 9636 

• 8610 
.9828 

• 9490 
^9336 



1 : .0420 g. : 1 

2 : .0520 : 2 

3 : ^0498 : 3 

4 : ^0740 : 4 

5 : ♦0616 :^ 

6 : .0948 

7 ; .0 50^ 



1.0140 

• 9054 
•8824 

• 9512 



Arerage .9416 g^ Average • 0607 g. Average .9331 



The ratio of the weight of the Hg cultures to the 
weight of the Ha cultures Is 15^5«. Svldently sodium can 
not replace magnesium, and the meagre growth obtained on 
the Ha cultures may perhaps be due to traces of Hig in 
the solutions used, or as BBHBCKB has pointed out, to a 
dissolring out of the Hg constituent of the Jena glass, 1^ 
the nutrient solution being rendered acid by the presence 
of the fungus* The sodium, although evidently not used 
by the fungus, produced no marked deleterious effect 
nhen present in the nutrient solution* Three cultures of 
each of the Kg and the Ha series were not filtered, but 
allowed to continue in order to ascertain whether or not 
further development would be possible on the Ha series* 
Sven after a period of two months there was no discernible 
Increase in the amount of norcelium and no spores were 
formed* 
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Experimexit II • 

In this 63qperlm«nt, an equl-2Bol«oular quantity of 
Bexylllum was •ubstltuted for the Ug of the standard nutrient 
solution* AsuQonium sulphat was used eis a souroe of sulphat* 
Twenty-fire oo« of this salt were added to 1 liter of 
solution^ This amount of iTSSL^)2S0^ was not based upon any 
oaloulations^ and it was later discoTered that the estimate 
was far too high, as 10*76 oo* gare an equiralent weight of 
sulphat to that of the standard nutrient solution* One 
hundred oc* of HE^HO^ were added in place of the 125 oo« 
of the standard nutrient solution* This amount was likewise 
estimated* The nutrient solution was as follows: 1000 cc« 
of solution contained: - 

100 cc« HH^BOj 6*5 cc* BeCl^ 

25 cc* (1014)2804 5 cc* I^lOO 7eCl3 

50 cc* XHj^. 50 gr* sucrose 

In making up the solution, it was found that a pre- 
cipitate was formed, when the bexylllum chloride was addedi 
however, it was decided to continue the experiment, care being 
taken to distribute the precipitate equally among the 
culture flasks* 

A parallel series of cultures, containing the standard 
nutrient solution, was used as a control* All cultures were 
allowed to continue for 22 days at a temperature of 20 - 22^0* 
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The Be-serlea showed no signs of growth, germination of the 
spores not eren oocurrlng* The standard nutrient oultures 
produoed a heavy growth and were apparently normal in all 
respects* Ho dry weight determinations were made* 

Freliminary to performing this experiment , the cause 
of the precipitate by beryllium chlorld in the preceding ex- 
periment was determined* Inrestigation showed that the 
precipitate was due to a reaction between beryllium chlorid 
and the potassium phosphat* An insoluble phosphat of 
bexyllium was eridently formed* This led to the possibility 
that in the bexyllium series of the preceding eicperlment^ the 
failure of the fungus to grow might hare been due to a lack 
of arailable phosphat rather than to the failure of beryllium 
to replace magnesium* Attenqpts to substitute other phosphates 
for that of potassium, resulted in the same precipitate beix^ 
formed* It was found that by supplying the potassium as KCl 
and the phosphorus as phosphoric acid no precipitation 
occurred, when beryllium was added to the nutrient solution* 
The amounts of KCl and H3PO4 to be added were calculated so 
that the nutrient solution receired amounts of E and P equal 
in weight to those of these elements in the standard nutrient 
solution* The addition of the phosphoric acid rendered the 
nutrient solution quite acid, but as soon as KDH or VaOH was 
added to neutralise the solution, an immediate precipitation 
occurred* It was, therefore, decided to attempt to grow the 
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fungus on the acid solution* In all •^•rimants whera 
UgSOj was ranoTad from tha nut riant solution, tha sulphat 
was addad in tha form of (HH^)^^^. Tha amount of this salt 
addad was such as to giro a waight of sulphat equal to that 
in tha standard nutrient solution* To solutions to which 
(^4)2804 was added, enough IH41ID3 was addad so that the total 
nitrogen content of the solutions was equal in weight to that 
of the standard nutrient solution* 

In Ssqperimant III, magnesium was replaced by an equiTalent 
weight of hexyllium; the latter being sipplied as beryllium 
vhlerid* The nutrient solution contained in 1000 oc* waa as 
follows} 

118*5 ce* IBL^TSO^ 5 co* l^AOO VaCl 

10*76 oc« (^4)2804 50 g* sucrose 
36 00* H3FO4 17*5 cc* BeCl2 

27*4 cc. CCl 
A parallel series, containing the standard nutrient 
solution, was used for a control* The cultures were placed 
in a dark room at a temperature of 20 « 22oC for twenty-one 
days* During that time the growth on the standard nutrient 
cultures was in all respeAts normal* Germination of the 
spores on the Be-series did not eren occur* In three 
cultures of this series, allowed to run for two months, there 
dereloped a small amount of iqycelium* In two of these 
ciiltures, which were in the dark room, the oyoelium was 
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praotioally all submerged, there appearing but a single 
small tuft on the surfaee of one of the cultures • In the 
third culture, placed in the incubator at SO^C, there was 
considerably more ooroelial doTelopment than in the other 
two. A fair portion of the qycelium was also on the surface* 
Hone of the mycelium in ax^ of the cultures showed any signs 
of spore formation* The cause for this mycelial growth in 
these three cultures may perhaps be attributed to the 
dissolTing of the Sg-constituent of the glass flasks by the 
acid nutrient solution. BfiNBCEB has shown that Jena glass is 
less resistant at higher than at lower teniperatures which may 
explain the greater growth on the culture at 30^0* 

The failure of growth to appear in the Be-series may 
hare been due to, (l) the iziability of Be to replace Hg, (2) 
the acidity of the nutrient solution, and (3) the fact that 
the Be may hare been present in too great a concentration* 

In order to determine whether the failure of the fungus 
to dsTelop in the Be-series of the preceding eicperiment was 
due to the acidity of the nutrient solution, the effect of 
replacing the XH2P0^ of the standard nutrient solution by 
ECl and H3FO4 was studied* The nutrient solution contained 
per 1000 CO* 
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125 00. IH^IiO^ 5 00. 1^100 7«Cl3 

36 00* H3PO4 50 gr* suorose 

27.4 00* KCl 
20 00* UgSO^ 
A parallel series for a control contained standard 
nutrient solution* All flasks were allowed to remain for 
11 days at a temperature of 20 - 22^0. Growth was at first 
somewhat faster on the cultures containing the standard 
nutrient solution; howerer, at the time of filterizig there 
was no appreciable difference, either in growth or in 
sporulation between the cultures of the two series. The 
dry weights are as followst 

Standard nutrient solution : E3PO4 <^ ECl series 



1 
2 



Arerage 



• 6934 gr< 
1.0512 



.8723 



1 
2 
3 
4 
5 
Arerage 



•9496 gr* 
•6320 
.8880 
• 9262 
1*0390 
,9270 



Since there were but two cultures containing standard 
nutrient solutions, and as the dry weights of these two 
cultures varied considerably, it would not be safe to draw 
any sharp conclusions. It is nevertheless very evident 
that the failure of the fungus to grow in the Be-series of 
Experiment III can hardly be attributed to the acidity of 



Digitized by 



Google 



Digitized by 



Google 



•37^ 
th« nutrlezit 8olutloB# 

te ralrrlr^ ti« effect cf r#l->^lai t/i^i «i/y//A ^/f >'/^>^/4 /••< 
^»=» ae.iie 1^ -ili^e «:iirr^ sf t/^ r^>^/;^<^^ ^i^^./ /%U,^^. t ^-f 









Digitized by 



Google 



Digitized by 



Google 



-38- 



36 00* H3K)4per 



24 00* H3FO4 per 



12 00. H>FOj^ per 
?.000 99/ 



1 
2 
3 

4 



1.0638 g. 
1.1248 
.8218 
1.0676 



1 
2 
3 
4 



1.1176 g. 

.5788 

,7804 
1.1502 



1 
2 
3 
4 



.8170 g, 
.9534 
.8912 
1.1668 



AT?raff^ 1.0;95 



Average .9066 



Average .957;l 



Deoreaelng the amount of I%^4 within the limits 
used in this escperiment did not lead to better resiilts, 
henoe it was decided to retain the original solutions for 
the use in all e3Q>eriment8 where Beryllium was to he sub- 
stituted for magnesium. 

Broerlment ][];.. 
Having eliminated the possibility that the I^PO. 
prevented the growth of Aspergillus in cultures containing 
Be but no Kg, it was decided to atteoqpt the replacement 
of Ug by using smaller quantities of Berfrllium. Three 
nutrient solutions were used containing per 1000 00 • 

A B C 

118*5 cc* IIH4IIO3 118.5 CO. BH41JI03 
10.76 OC. (I1H4)§804 10.76 CO. (NH4)280^ 

50 CC. KHgPO^ 
5 00. 1^1 00 TeC^ 
4 cc« BeClo 



Same as A, 
•I- 20 CO* 
MgS04 



36 CC. H2PO4 
27.4.0C. KCl 

5 CC. VlOO PeCl3 

4 CO* BeClg 
50 gr. sucrose 



J> 
Standard 
nutrient 
solution 



20 CC* MgSO^ 
50 gr* sucrose 
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All cultures were allowed to oontinue for eleren days at 
a temperature of 30^C« Solution B was made up accidentally^ 
the KHgPO. bSing added when it was intended to add ECl and 
HjFO^* After realizing the mistake, it was decided to re* 
tain the solution and note the growth which might he produced 
on it« 

The cultures of series A showed a very feeble mycelial 
growth. In most of the flasks there were 2-4 masses of 
submerged qyceliiim, each about one centimeter in diameter • 
On two of the cultures there was a single tuft of surface 
xqycelium of similar sise and on these were bornesolitary 
dwarfed and evidently immature sporangiophores* 

The cultures of series B showed a heavy growth and rery 
heavy sporulation, at least equal if not greater than that of 
the cultures of series J). Bb toxic effect » due to the 
presence of beryllium was evident, but Judging from external 
appearances one might well believe that the beryllixua had 
exerted a stimulatory influence* 

A quite different effect was to be noted on the cultures 
of series C« These showed a fairly good ipycelial growth, yet 
the sporulation was not as heavy, and on the whole a toxicity 
was very evident. The nutrient solution presented a very 
yellow appearance. 

The development of the fungus on the standard nutrient 
solution was typical in every way. 
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The dry weights were determined to be as follows: 



- yp 4»^ 


Be 


4- Ite -1- Be 




4 


He ♦ Be 




«f 1 


fc - Be 


Series 


A 


; Series B 


Series C 


Series D 


1 : 


.009eg' 


: 1: 


,9830g^: 


:1 i 




1.0010 g.: 


'l : 




1.0360 


2 : 


.0260 : 


: 2: 


1.0046 . 


:2 : 




•9646 :: 


:2 : 




1.0564 


3 : 


•0214 : 


: 3: 


1^164 : 


:3 J 




•9992 


:3 ! 




1^0400 


4 : 


•0314 ! 


: 4: 


1.0900 : 


:4 : 




• 9750 


;4 : 




• 9696 


5 : 


.0124 


: 5: 


•9624 • 


:5 : 




1.0124 


i i 






Aver- 


Arer- 


Aver- 


» 


Aver- 




age 


• 0202 agerra.0113 age 


• 9904 


age 


1.0255 



The dry weights in the above table are somewhat sur- 
prlslng* It is Interesting to note that the average for 
series C, in which a toxic effect seemed apparent » is only 
slightly less than that of the series B, in which a 
stimulatory effect seemed to be presents Both these series 
possessed an average dry weight nearly equal to that on the 
standard nutrient solution* In fact» the differences are * 
too small to warrant any conclusions » other than in the 
presence of magnesiumi this concentration of beryllixim hadb 
little or no injurious effect » The average dry weight of 
the Series A was very low, and might easily have resulted 
from iinpurltles in the solution, or as BEBBCES has mentioned^ 
from traces of magnesium present in the spores used for 
inocxxlating the cultures* 

Experiment VII* 
In order to ascertain whether the beryllium had been 
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responslble for the growth on the otalturee of Series A 
In the preoeding experiment » it was decided to attenqpt the 
growth of the fungus on a solution to which neither heiyllixua 
nor magnesium was added« Tor a nutrient solution, that of 
Series A of the preceding experiment was used, with the 
exception that the beryllium chlorid was omitted* The cultures 
were grown for eleren days at 30^C Just as in the preceding 
experiment % The nycelial growth was rery slight^ appearing 
as scattered tufts on the surface, or still more as submerged 
masses of one«»half to one centimeter in diameter* The surface 
■QTcelixua was very white and bore only an occasional solitary 
sporangiophore, which did not appear to reach maturity* 

The dry weights were:* 

12 3 4 5 Average 

• 1596 g* •0762 *0754 .0782 a034 *09e5 

Although very small, the average dry weight was nearly 
fire times that of series A of the preceding e^eriment* Trom 
this it might be concluded that the beryllium did not tend 
to increase the qycelial dCTelopment in the prerious experi«» 
ment but instead it exerted a depressant influence* 

Since no marked decrease in dry weight had been induced 
by the presence of Be in series B and C in Experiment VI^ it 
was decided to study the effect of still smaller amounts of 
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beryllium* The nutrient solutions were the same as those 
of series A and C of Bxperlment VZ with the exception that 
Just one^half the anaount of beryllium was added to each« 
Two 00* of BeCl2 were then present in these solutions* 
All cultures were grown for twelve days in the incubator 
at 300C« 

The cultures containing beryllium but no magnesium 
presented an qppearanoe very similar to those of Series A 
of Bscperiment YI* The mycelial development was slight » 
and had the usual tuft «l ike growth mainly submerged but a 
few tufts on the surface* A few partially developed 
sporanges were also to be found growing on the surface 
BQrceliiua* 

The cultures with both berylliim and magnesium had 
the same toxic appearance as did those of Series C of 
Bxperlment VX* There was a good BQrcellal growth but a 
decrease in the amount of sporulation* As this e^qperiment 
was performed under exactly the same cultural conditions 
as Experiment VI » the dry weights of the standard nutrient 
cixlture of that experiment may serve as a basis of 
coaqparistfn here* 

The dry weights were as follows:* 
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♦ l£ff - Be 


- MgS04 


f B«Cl2 


: 4 Vg 4- 


B« 


: Standard 


nutrient 


1 : 

2 : 

3 : 

4 : 

5 \ 




•0208 g* : 

• 0078 

• 0080 
.0082 
.0150 


: 1 i 
: 2 : 
: 3 ; 

: 4 , 
: 5 ; 




.8990 g.i 

.9182 

.8538 

.8822 

.8658 


: 1 ■ 
. 2 : 
: 3 i 
: 4 : 
: 5 : 




1«0360 

1.0564 

1.0400 

• 9696 



AT«rag« ^0119 g. Average .8838 g. Average 1.0255 

The average dry weights for the Be and Be ^ Mg oxaturee 
are lower than those of similar cultures in Bxperiment 71. 
The only conclusion which may be drawn is that the addition 
of smaller amounts of beryllium produced no beneficial effect* 

In this experiment it was decided to repeat the work 
of Experiment VI and in addition to use nutrient solutions 
which contained only one*tent]tx of this amount of berylliiua 
chlorid* Five solutions were used: (A) containing 4 cc% of 
Beryllium chlorid per 1000 cc«, (B) containing the same 
Vnount of BeCl2 as in A, but also the standard amount of 
llgS04, (^^ ^^^ Bame as A except only •4 cc« of BeClg were 
added» (D) the same as (B) except only #4 cc of BeCl2 were 
present, (£) the standard nutrient solution* All cultures 
were allowed to continue for 12 days at a temperature of 
21 • 2S0C^ 

No growthi not even spore germination^ occurred on the 
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oultures of Series A. The oultures of Series B dereloped 
a good a(/oelial growth and a heavy sporiaation. The nyoelial 
growth was evidently not as great as that on the standafd 
nutrient solution* However, there was little difference in 
the degree of sporulation. In Series C, a very slight flaky 
growth of iqyoelium cqppeared in all the cultures. The growth 
was in part superficial and in part submerged* No sign of 
sporulation was evident* Between the growth and sporulation 
in Series D and S there was no marked difference, except 
possibly the xqycelial growth in 7> e^peared somewhat heavier 
than on the standard nutrient solution* 
The dry weights restilted as follows: 



Series A 



Series B 



Series C 



1 : .5942 g.:l :) \ 

2 : ,9264 :2 :) q..q 

3 : 1.1930 :3 :)«044W 

4 : 1*1126 :4 :) 



Series D 



: Series A 



1 : g. 

2 : 

3 : 

4 : 

Aver.O 



1 : 1.0e52g:l : 1*2322 g* 

2 : 1*0766 :2 : 1*1276 

3 : .6312 :3 :ml.0654 

4 : .9062 :4 : 1,0474 



Aver* .9566 tAver*0110 :Aver* .9754 :Aver* 1.1232 



The results show that the presence of beryllium did not 
increase the dxy weights of the fungus, but rather caused a 
decrease* A greater decrease was produced in the oultures 
containing the greater amount of beryllium chlorid* However, 
here the injurious effects of the beryllium were not great* 
Again as in preceding eoqperiments beryllium failed to cause 
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growth in cultures to which no magnesium was added» It 
is very evident that beryllium is unable to assume the 
functions of magnesium in the nutrition of Aspeyfti^lus £i£££» 
consequently further attempts at substitution were not made* 

After being unable to replace magnesiiua by the closely 
related element » beryllium^ it was decided to study the 
effect of varying the amount of llgS04 ^^ ^^^ nutrient solution* 
The standard nutrient solution was used as a basis for com- 
parison« In addition to this species four others were made, 
(1) containing 1/4 the normal amount of UgSO^, (2) 1/2. (3) 
twice the normal amount, (4) three times the normal amount* 
The five series then contained per 1000 cc*, 5, 10, 20, 
40, and 60 cc* of llgSO^ respectively* All cultures were 
placed at a temperature of 21 - 23^0 and allowed to con« 
tinue for 14 days* Growth in the five series bore the same 
relationship as did the UgSC^ content, being greatest on 
those cultures containing the largest amount of HgSO.* 
The degree of sporulation considered from the relative 
amount of iqycelial growth, was about equal in all of the 
series* 

Dry weight determinations were made with the following 
results* 
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1/4 normal 



1: .4510 g 
2: .6614 

3; 1.0056 
4: .9500 

Aver. 7670 



1/2 normea 



1: 
2: 
3: 
4: 



.8590 g. 
• 9610 
.8670 
.9490 



Aver.. 9090 



normal 



1: 1.2558 g 
2: .8808 

3: 1.0566 
4: .5910 

Aver. 94 60 



2 X normal 



1: 1.0656 g. 
2: .9120 

3: 1.1920 
4: .9656 

Aver. 1.0338 



3 X normal 



1 : 
2:: 

3 : 

4 : 



1.0946 g 
1.1236 
1.0944 
.9976 



Aver .1.077 5 



The dry weights show the greatest average in the series 
containing the largest amount of UgSO^. Although the dry 
weights hear to each other the same general relationship as 
the MgSO^ content of the different series, they are not 
directly proportional to it. Increasing the amount of UgSO^ 
to twice the normal amount did not douhle the dry weight 
of the fungus produced* Within the limits of this experiment 
the dry weights increased much more slowly than did the 
UgSO^ content. The optimum )IgS04 content was evidently not 
reached in this esqperiment as the dry weights still showed 
an increase in the series containing the highest MgSO^ content* 

v. DlSCUSSIOlir OF BESIXLT8 
The above described experiments give results similar to 
those of the great majority of investigators. All attenqpts 
to grow Aspergillus without an addition of magnesium to the 
nutrient solution met with failure* In all cases except one, 
germination of the spores did occur in solutions to which 
no magnesium was added; howerer, the growth which followed 
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wa8 very slight and spores were never formed* This agrees 
with the results of BBIOECEB, RAULIIT, GtfBTHER and other in- 
▼estigators* COUPIIT and FRIBDBL, however, report that 
SterigmatooYstis verBioolor forms spores when no magnesium 
is added to RA1]LIir*8 nutrient solution* Most workers are 
inclined to believe that growth, which occurs when no mag- 
nesium is added to the nutrient solution, must be due to traces 
of magnesium (1) which are not removed from the nutrient so- 
lution; (2) which dissolve from the cultural flasks, or (3) 
which are in the spores when sown* COUPIIT and JRISDSL seem 
inclined to believe that their results were due to the 
nature of the organism with which they worked, rather than to 
the presence of magnesium in the nutrient solution* 
In one series of my experiments, the spores of 
Aspergillus failed to germinate in a nutrient solution to 
which magnesium was not added* This may have been due to 
the total absence of magnesiim, or to the toxic effect of 
beryllium which was also present in the nutrient solution* 
However, Aspergillus spores were able to germinate in 
nutrient solutions which contained a much higher beryllium 
content than did that of the cultures in question* MDLISCH 
reports that when ammoniiim tart rat was used as a source of 
carbon and no magnesium was added to the nutrient solution, 
spores of Penicillium and Aspergillus failed to germinate* 
This resiat he ascribes to the total absence of magnesium 
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In the nutrient eolutlon. 

As BENECKK, MOLISCH, QUIJTHER and JAVILLIBR hare stated 
in their work with Penioillixam and Aspergillus, so in hqt 
experiments with Ast^ergillus niger> beryllium was found un- 
suitable for replacing magnesitam* SOBSSKB received similar 
results in his experiments with Bac% pyocvaneus ^ 

Beryllium was not found to be a very strong poison* 
/Ispergillus niger was able to grow to a very slight extent 
in solutions containing «175^ BeClg* BESBCKE states that 
beryllium is not toxic to Aspergillus and Penioillium unless 
it be concentrated to a considerable degree^ OUISITHSR found 
beryllium to be the least toxic of any of the alkaline earths 
of the zinc group. He found that up to 0«1^, beryllium could 
be tolerated in the nutrient solution* JAVILLZSR using amounts 
of Be equivalent in weight or molecular quantity to the 
magnesium in RAULIIT^S solution, obtained no growth of Aspergillus 
ftj , Kter* His experiments continued but for four days and hence 
are subject to some criticism* 

In no case did the addition of beryllium to a standard 
nutrient solution produce a stimulatory effect* A depressant 
effect was always to be noted as is indicated by the dry 
weight determinations* 

BEKBCEE has shown that a llgS04 content of •BS^ produced 
the maximum growth of Aspergillus* By increasing the UgSO^ 
content to as high as three times that of the standard nutrient 



Digitized by 



Google 



Digitized by 



Google 



-49- 

solution, iny e^qperiments always showed an increase in the 
dry weight of the fungus* Decreasing the amount of lIgS04 
caused a decrease in the dry weights* In iny experiments, as 
in the work of other investigators, the dry weight is not 
directly proportional to the MgSO^ content of the nutrient 
solution* 

YX* SUIQCABY 

1* Magnesium was found to be essential for the complete 
nutrition of Aspergillus niger * 

2* Very small amounts of magnesium are sufficient for 
vegetative growth; however, somewhat larger amounts are 
necessary for spore formation* 

3* Replacement of llg by Be was found to be impossible* 

4* Berylliiun was found to possess no vatlue as a mineral 
nutrient, even when added to solutions containing magnesium* 

5* ^Aspergillus ni^er was able to grow to a slight extent 
in nutrient solutions containing an amount of Be equivalent 
in weight to the Ug contained in the standard nutrient 
solution* This inhibition of growth shows a certain degree 
of toxicity* 

6* Beryllium never produced a stimulatory effect on the 
growth of Aspergillus, but rather exerted a depressing in« 
fluence* 

7« Increasing the amount of the UgSO^ at least three 
times that contained in the standard nutrient solution always 
produced a certain increase in the dry weight of the fungus* 
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